Cell-mediated immunity is essential for protection against the intracellular bacterium Francisella tularensis, which causes tularemia. Positive in vitro T-cell responses in the form of lymphocyte proliferation and lymphokine interleukin 2 (IL-2) and gamma interferon (IFN-y) secretion are found in memory immunity. Studies on the secretion of lymphokines with regard to the developing immunity to F. tularensis have not been published. Therefore, 14 subjects with no clinical history of tularemia were vaccinated with a live F. tularensis vaccine strain. The in vitro responses of five subjects (antigen-induced mononuclear cell and whole blood culture DNA synthesis and cytokine secretion) were measured twice a week throughout the period from 0 to 35 days after vaccination, and the peripheral blood lymphocyte subpopulations of nine subjects were determined between days 0 and 14. Positive reactions, i.e., responses exceeding those on day 0, were reached on day 10 with regard to the whole blood culture DNA synthesis response and IL-2 and IFN--y secretion and on day 14 with regard to the mononuclear cell DNA synthesis response and tumor necrosis factor alpha (TNF-a) secretion. No measurable IL-4 was found in either the immune or nonimmune supernatants. Since the secretion of TNF-at was related to immunization, this points to the specificity of the phenomenon, even though the type of secreting cell is not yet known. If it is shown later that specific T cells produce it, the TNF-a response and the negative IL-4 finding may speak for the importance of the Thl-like pattern in immunity to F. tularensis.
Francisella tularensis, a small gram-negative bacterium, causes sporadic or epidemic infections known as tularemia. F. tularensis biovar palaearctica causes infections in Finland and northern Europe in general which are milder than those caused by the biovar tularensis. Tularemia is an intracellular infection, i.e., the bacterium survives in mononuclear phagocytes when the cells are in a nonactivated state. Cellmediated immunity therefore confers protection against the microbe, as has been shown clearly in animal experiments (for a review, see reference 22) . The in vitro T-cell responses observed in connection with human natural or vaccineinduced immunity include, in addition to positive T-cell proliferation, specific secretion of the lymphokines interleukin 2 (IL-2) and gamma interferon (IFN-y), expression of IL-2 receptor-positive cells, and the possibility of generating F. tularensis-specific T-cell clones (8, 9, 21) .
The above-mentioned studies focused on established (i.e., memory) immunity to F. tularensis. However, it is not known when during the development of immunity the in vitro responses emerge or whether the various responses appear simultaneously. These questions were addressed in this study by monitoring the development of IFN-y and IL-2 responses, compared with the better characterized proliferative response, after vaccination of F. tularensis-naive subjects. In addition, we measured F. tularensis-induced tumor necrosis factor alpha (TNF-oa) and F. tularensis antigen. The antigen was Formalin-killed whole-cell antigen prepared from the vaccine strain as described earlier (21) , and was used for both DNA synthesis and cytokine secretion measurements at a final protein concentration of 1.0 ,ug/ml, which has been found to be optimal.
Measurement of DNA synthesis. DNA synthesis was determined by using both mononuclear cell (MC) and wholeblood (WB) cultures (8 Preparation of supernatants and measurement of cytokines. MCs in a final concentration of 1.5 x 106 cells per ml were cultured with F. tularensis antigen (1.0 ,ug/ml) or with medium alone (to test spontaneous secretion) in a total volume of 1.6 ml for 2 days (IL-2 and IL-4 testing) or in a volume of 0.8 ml for 5 days (IFN--y and TNF-a testing). The supernatants were centrifuged and stored at -20°C until tested.
IL-2 was quantified by using an IL-2-dependent mouse cytotoxic T-cell line (8) . A total of 5,000 cytotoxic T-cell line cells in a 100-pl volume were cultured for 48 h with 100-pI aliquots of supernatant dilutions of 1 10 (2,676 versus 109 cpm, P < 0.05) and thereafter (P < 0.01). A spontaneous synthesis response differing from the day 0 response could be found in the MC cultures from days 10 and 14 (day 10, P = 0.05; day 14, P < 0.01). The spontaneous response on day 10 explains the counts found in the antigen culture (1,487 cpm). There was no spontaneous synthesis in the WB cultures at any time (P value not significant for each day).
Cytokine secretion in vitro. (i) Antigen-induced IL-2 secretion appeared on day 10 (449 versus 29 cpm, P = 0.01) and continued in the rest of the samples (422, 239, and 812 cpm; P < 0.01) (Fig. 1) .
(ii) An antigen-induced IFN-y response appeared on day 10 (23 versus <5 U/ml, P < 0.05) and was positive in the remaining samples (35, 90, and 37 U/ml; P < 0.01) (Fig. 1) .
(iii) The amount of TNF-ao found in the cultures with F. tularensis antigen was higher on days 14 and 21 than on day 0 (400 and 500 versus 90 pg/ml, P < 0.05). An increase in secretion was also found on day 35, but it did not reach statistical significance (300 versus 90 pg/ml, P < 0.10) (Fig.  1) .
(iv) The amounts of IL-4 in all supernatants were below the detection limit of the test, i.e., less than 45 pg/ml (data not shown).
Statistical significances, as shown above, between the antigen-induced responses on each day and those on day 0 were estimated. When comparisons were made between the F. tularensis-induced and spontaneous responses on each sampling day, essentially the same values were obtained. Some of the differences in MC DNA synthesis and IL-2 data were less significant, while the WB DNA synthesis and IFN--y responses were parallel and the TNF-a responses showed more significant differences. and secretion of the cytokines IL-2, IFN--y, and TNF-cx. The responses of all five subjects became positive with respect to all these variables, even though the stimulation indices were not persistently high in all of them. Most of the individual responses were nevertheless clearly distinguishable from the initial ones. The approach used here differs from our earlier studies (8, 9) with regard to the state of immunity. In earlier studies, the immunity was established as to its nature, i.e., memory immunity, while here we measured developing parameters. Our finding on the parallel appearance of IL-2 and IFN--y responses may indicate that secretion of these cytokines takes place in the same T cells. Specific T-cell clones, induced by F. tularensis antigen, have been found to secrete both cytokines (21) , but the information obtained by clones does not necessarily cover the responses of all the responding blood lymphocytes. Different kinetics in positive responses between IL-2/IFN-y and TNF-(x were found.
In earlier studies, positive T-cell proliferative and cytokine secretion responses were found only in immunized subjects (8, 9) , while the control subjects had negative responses. In this study, the subjects were their own negative controls before the appearance of responsiveness. Therefore, no other controls were included. The constant association of positive blood MC responsiveness with the known immunization and vice versa, together with the finding that T-cell clones react positively to F. tularensis and negatively to the control bacterial antigens used (20) long-standing fever and pneumonia and its biovariant tularensis can even cause fatal infections in humans, and thus the production of TNF-at may also (or instead) contribute to morbidity in tularemia. Further studies on the production kinetics and levels of TNF-a and other cytokines in the sera of acutely infected patients may be useful to clarify this. On the other hand, it will probably be necessary to use an experimental animal model to establish the actual significances of the cytokine responses found in in vitro studies.
